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Outline

* Gravity and topography in spherical harmonics
* Derivation of effective density spectrum

* Effective spectrum of Vesta

Why | thought it would work for Ceres

* and why it does not.
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> Shape Spherical Harmonics
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U — gravitational potential
¢ - latitude

A — longitude

r — radial distance

n — degree

m — order
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Spherical Harmonics
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Dawn geophysical data

* Shape model
* Stereophotogrammetry (SPG) from DLR
» Stereophotoclinometry (SPC) from JPL
* Mutually consistent with the accuracy much better than
the spatial resolution of gravity field

* Gravity field
e Accurate up to n = 18 (A=93 km) for Vesta
(Konopliv et al., 2014)
e Globally accurate up to n =18 (A=174 km) for Ceres
(Konopliv et al., 2017)
* Locally accurate up to n =59 (A=50 km) (Park et al., in
preparation)
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Effective density
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Effective density
const __ (const Qconst Gravity spherical harmonic coefficients
G - {C ,S } . .
nm nm nm referenced to the volumetric radius of a layer
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Simple densi’ry profiles ' ®
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Curious properties of effective density
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=0 m=-1

R - region of localization
A — eigenvalue = concentration factor

* Simons et al., 2006 presents a way to find the
eigenfunctions and shows that they are identical
* Allows localized estimates of crustal density
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Mean effective density from
degree 3 to 18 = 2775.0 kg/m3
Decreasing effective density =>
higher harmonics sample
shallower structures
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Linear fit for degree band n=7-14
of a two-layer model with crustal
density gradient

 Compute mean crustal density
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Interpolated crustal density

Bandwidth L = 5, window = 50° spherical cap
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* More general approach:
study topography power

spectrum
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More general approach:
study topography power

spectrum

Power spectra for Vesta
closely fits with the
power law to the lowest
degrees (A < 750 km)
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* More general approach:
study topography power
spectrum

* Power spectra for Vesta
closely fits with the
power law to the lowest
degrees (A < 750 km)

* Ceres power spectrum
deviates from the power
law at A > 270 km
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* More general approach:
study topography power
spectrum

* Power spectra for Vesta
closely fits with the
power law to the lowest
degrees (A < 750 km)

* Ceres power spectrum
deviates from the power
law at A > 270 km

expect

uncompensated

3000 1000 300 100
Wavelength [km]

Ermakov et al., 2017a

50th LPSC, March 2019

30

10

21




Ceres effective density
why | expected it would work

Viscosity profile inferred by Fu et al.,
2017 from topography relaxation

£
V2
=
©
&)
S
Q
o
C
©
+—
=2
S
©
©

== uncompensated
— jsostatic, gradient viscosity
global observed

8 10 12 14 16 18 20 22 24 26
spherical harmonic degree, n

50th LPSC, March 2019

22




Degree strength from Dawn’s second extended
mission
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Ceres effective density
why | expected it would work

Viscosity profile inferred by Fu et al.,
2017 from topography relaxation
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" Admittance localized at high degree strength region

 Localized admittance is
consistent with isostatic
compensationup ton =21

 The mean crustal density is

found to be 1233132 -
kg/m? from the Dawn XM2 3 2
= isostatic local, p; = 1100 kg/m?3
data. E isostatic local, p; = 1200 kg/m?3
§ 0 . isostatic local, p; = 1300 kg/m3
E isostatic local, p; = 1400 kg/m?3
H H ® uncompensated
* POSSIbIe Slgnature Of -20 isostatili, gradient viscosity
vertical density gradient at global observed
observed, local
hlgh degrees 8 10 12 14 16 18 20 22 24 26

spherical harmonic degree, n

50th LPSC, March 2019 25



Summary

* Vesta uncompensated topography makes it possible to use
effective density spectrum to constrain its density profile
* Higher crustal density at the intersection of Rheasilvia and
Veneneia basins -> the region of deepest impact excavation
* Higher crustal density in the region of olivine detections

e Spectral-spatial localization of Ceres gravity and shape has not
revealed the transition from compensated to uncompensated
topography

» This prevents using effective density spectrum for directly
constraining crustal density of Ceres.

* There remains a trade-off between compensation depth and
crustal density.

* Alternatively, a vertical density gradient in the crust of Ceres
could be causing lower than uncompensated admittances
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Global heterogeneities on Ceres revealed by

admittance

Lower admittance near the
poles, especially near the
north pole
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Future Psyche and Bennu
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Effective density example
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* Assumptions:
* mean density
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